A considerable demand for convenient, rapid, inexpensive assays of ferritin in serum has been generated in recent years in hospital laboratories and blood banks. We describe a simple and rapid particle-enhanced turbidimetnc immunoassay suitable for routine application in a Mon- 
5% for various specimen concentrations.
Interassay imprecision ranged from 2.2% for above-normal concentrations (755 g/L) to 9.5% for low concentrations (39 p.gIL).
No specimen-related carryover was detected. The method has been useful in our predeposit autologous blood transfusion program for rapid assessment of iron status in patients undergoing repeated phlebotomies.
Indexing Terms: iron/turbidimetric immunoassay/ELISA compared/pro teins
Ferritin, the intracellular iron-storage protein, is also found in serum or plasma (1); its determination is considered to be the most reliable method for evaluating iron stores (2, 3). Measurements reflecting iron stores are the most sensitive indices of iron status because iron stores are depleted during the evolution of iron deficiency, before iron in serum and erythrocytes is significantly affected (4 
Materials and Methods

Apparatus
Assay Procedures
The main Monarch 2000 test variables are indicated in Table 1 . According to the manufacturer's recommendations, we prewarmed the reagent (37#{176}C) before adding it to the analyzer to maintain a stable suspension for one working day. Because the reagent compartment on the Monarch is not maintained at 3 7#{176}C, we programmed a second incubation (see Table 1 ). The scattered light is measured at 5 and 475 s after mixing the sample and the reagent. The instrument plots the incremental signals of standards vs their concentrations, using a nonlinear interpolation.
The procedure takes -20 mm for a full rack (38 samples). Sample, wash, and reagent volumes were 80, 5, and 150 L, respectively.
We chose the ratio of sample to reagent volume according to data generated in experiments with different proportions (Table 2) Because the ratio of sample to wash volume was higher than recommended by Monarch's manufacturer, we took special care with the carryover studies.
The overall evaluation procedure was performed as described elsewhere (14-16).
Statistical Methods
Data are presented as means ± SD. We used linear regression analysis for comparing the methods. We performed Kolmogorov-Smirnov one-sample tests to determine how well a random sample of data fit a gaussian distribution. Consequently, we used the Mann-Whitney U-test to compare the mean values of ferritin obtained by the methods studied. A two-tailed probability (P) <0.05 indicated a statistically significant difference.
Results
Analytical Variables
Calibration curves. Changes of turbidity in calibrators and in a patient's sample with variations in the proportions of sample volume are shown in Table 2 . Because the difference between final and initial absorbance values was low for calibrators with low serum ferritin concentrations, we decided to assay greater sample volumes (Table 2) . We saw no significant changes in the calibration curves during 15 consecutive calibrations.
The bestfit model was y = axb (r = 0.987), and plotting the data on a log-log scale yielded a sigmoidal curve. The signal for the lowest-concentration calibrator (9.6 jgfL) was significantly different from the nonspecific background (P <0.001, n = 20). The detection limit of the assay, calculated as the mean + 3 SD absorbance of the zero standard, was 5 g/L. The upper limit of the assay was not determined but, for our purposes, was set at 850 L.g/L; reassay of samples at fourfold dilution was rarely needed. We observed no antigen excess with ferritin concentrations up to 916 g/L.
Analytical recoveiy.
We prepared ferritin-supple- The regression line between observed (y) and expected (x) values was y = 1.074x -0.118 (S = 0.029, r = 0.999, n = 5). Because the ratio of sample to wash was higher than recommended by the manufacturer of Monarch, we also studied the specimen-related carryover, according to Broughton et al. (16) , and found it to be <0.5% (n = 5).
Precision studies. We estimated the intraassay precision for the data from 20 replicate analyses for ferritin in three different serum pools, which were representative of clinical samples. To assess interassay precision, we used data generated from daily assays during 20 consecutive days, using aliquots of the same pools of serum. The CVs are shown in Table 3 . Protein-nonspecific aggregation.
Because the amount of sample was considerably greater than in other methods described for the same apparatus with similar reagents, we investigated the effects of nonspecific paraprotein and excess protein aggregation.
To determine nonspecific aggregation from paraproteinemia, we used ferritin-free serum for three serial dilutions of a clinical sample corresponding to a patient with 1gM myeloma (1gM = 10.68 g/L). The regression line for ferritin concentration (y) vs dilution (x) was y = 0.971tx + 0.2998 (S = 0.039, r = 0.998). The effect of dilution was not modified by different concentrations of 1gM, and the regression line was very similar to those for expected vs observed values in linearity studies (Fig. 1) .
In four pools of serum, we obtained different protein concentrations by dilution or by adding known amounts Table 3 . Intra-and Interassay precIsIon of the mlcroparticle-enhanced turbldlmetrlc assay. of ferritin-free human serum albumin. Assays of ferritin showed a trend towards higher values when the protein concentrations increased. However, nonspecific aggregation was clearly present only when the concentration exceeded 100 gIL. This effect was more noticeable in the sample with the lowest ferritin concentration (Fig. 2) .
Comparison of methods.
We analyzed 
